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Abstract
The purpose of this research is to measure the
amount of image quality loss due to the effect of screening
an image with halftone screens. This was done by using
screens of different line number and images with differing
amounts of image quality.
Six black and white continuous tone positive
originals were used to scale the image quality. These prints
had been produced so as to have equal steps of image quality
from the sharpest and ranging to some lower image quality
which was at or slightly below a just acceptable level of
image quality. Each of these images was then screened by
contact screens with rulings of 85, 100, 133, 150, and 200
lines per inch. Each image was viewed by a panel of judges
using the method of categories. This was the method by which
the relationship between screen ruling number and image
quality was determined.
The conclusions were that image quality of the
original was the most important factor in the quality
reproduction. The relation between input and output image
quality was linear in terms of overall image quality of
black and white halftone prints. Next important factor in
IX
the quality reproduction was the ink density in shadow areas,
The 133 line screen prints had better quality than that of
the 200 line screen on the average because of this factor.
Screen ruling was a minor important factor in the quality
reproduction. The screen rulings from 100 to 200 lines per
inch did not have so much effect toward image quality. In
contrast, the screen rulings below 100 lines per inch made
the quality drop noticeably.
CHAPTER I
Introduction
Screen ruling refers to the numbers of lines of
dots per inch measured along the screen angle. Screens are
available in a variety of rulings from coarse ruling of 65
lines per inch to an extremely fine ruling of 300 lines per
inch. The choice of any screen ruling depends on the type of
job, the original, the printing method, the press equipment,
the ink and paper stock, the viewing distance and other
variable factors such as ink density and uniformity. The
halftone image or halftone dot pattern should not be apparent
at normal viewing distance. Therefore, a coarse pattern of
25-50 lines per inch would be used for large displays because
these will be viewed at a large distance while the fine screen
of 120 lines is used for work at a more normal working
distance. The finer the screen, the greater the potential
2
for holding detail in the reproduction.
Assuming that there is no limitation in the repro
duction system as to how fine a screen ruling can be used,
people have realized the improvement of image quality by using
a finer screen at normal reading distance. However, we only
know the relative qualitative improvement in image quality
but not the quantitative improvement by changing screen
number. For this reason, it is the purpose of this research
to measure whether there is an image quality relationship
that can be measured by changing the number of screen lines.
In this study, the screen line numbers will be
varied from 85 to 200 lines per inch. Originals of different
but defined image quality will be used to define the level
of image quality in this experiment. All of these samples
will be used to in an image quality scaling technique to
measure the image quality for each line ruling and image
quality combination.
IMAGE QUALITY SCALING METHOD
The measurement of image quality as a function of
screen ruling number can be done by using the method of
comparison scaling. In this method a large number of judges
rate the relative quality of an image on a scale of 1 to7.
Where 1 has a meaning of very poor and 7 has a meaning of
excellent image quality. This method relies on the fact that
each judge will rate each of the pictures differently and in
general the dispersion of ratings about the mean will be
distributed approximately according to a Gaussian probability
distribution. This can be used not only to scale each print
but also to compare the single reader error about each print.
In this method, photographic prints which have been produced
in equal quality steps from excellent to just acceptable will
be used as the standard prints. These standard prints can
then be used to calibrate the screened prints. The relation
ship of these prints is shown on Figure 1. As can be seen,
these prints are assumed to lie on a 45line, i.e., the input
to output is assumed to be linear. Figure 2 illustrates the
relationship we expect to find by screening these images with
different screen rulings. The purpose of this experiment is
to find the exact relation between image quality and screen
ruling number.
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CHAPTER II
HYPOTHESES
It is assumed that the fineness of screen ruling
results in different image quality for a given value of
input image quality. The finer the screen ruling the better
the image quality of the reproduction.
According to this method of measuring the image
quality, the hypotheses for this research are:
1. Image quality will increase with line number
of the screen ruling.
2. Image quality will be a linear function of the
input image quality for all screen rulings.
8PROBLEM STATEMENT
In a reproduction system that is capable of
reproducing the full range of densities of the original,
the tone reproduction curve would be an ideal 45 "straight
line relating the input density to the reproduced density.
In a similar manner, in an ideal system the image quality
of a screened reproduction will be linearly related to the
image quality of the original. Therefore the quality of the
reproduction can be found as some direct straight line
relation of the image quality of the standard set of original
prints.
According to the previous research on the halftone
reproduction, it is known that at a normal viewing distance,
a fine screen of 200 lines per inch will produce better
reproductions than a similar print produced using a coarser
screen of 85 lines per inch. We know that image quality is
lost, but the question is how much is lost from the standard
as a function of the line number of the screen ruling. The
purpose of this research is to quantify this relation.
The problems that cause a shift in the image
quality of the reproductions from the quality of the standard
in this study can be analyzed as follows:
1. The tone reproduction may not be close to the
original since contact screens of different
screen rulings yield different characteristic
reproduction curves. Supplementary corrections
such as Flash and Bump may be required in
addition to the Main exposure.
2. Tone reproduction will be limited by the maximum
ink density.
3. Fine screen ruling will be hard to maintain
without the dot structure in the reproduction
being filled in at some densities.
4. Since the evaluation is based on psychological
quality judgments of the observers, there will
be a variation in the level of image quality
assigned from one group of observers to another.
Therefore, we can not expect an absolute scale
to result from this experiment, but we do
expect a linear relation within the reading
error of the observers.
10
CHAPTER III
LITERATURE REVIEW
The refinement of the photomechanical processes
has had a significant impact on the reproduction of half-
1
tone images since the introduction of the halftone screen.
Basically, there are two types of halftone screens, the
2
glass screen and the contact screen. The latter screen is
widely used and has replaced the use of the former.
The contact screens have become increasingly
popular for halftone reproduction in the lithographic
industry for more than twenty years. The dots in the contact
screen are vignetted, that is, they gradually vary in density
3
from center to edge.
The screen changes the continuous tone of the
original to dots of various sizes according to the different
amount of light that is reflected from the different tones
in the original. For halftone positives, large dots represent
the shadow or dark areas of a picture, while small dots
represent those of the highlight.
The reason for using a screen for halftone repro
duction is due to the limitations of the printing process.
The printing press can transfer ink from the plate to the
printing substrates at only one ink film thickness or density
at a
time.5
Different inking density will produce different
11
halftone dot sizes producing an error in reproducing the
density range of the original.
Screen ruling or numbers of lines of dots per inch
refers to the fineness of the screen and has had an effect
on the quality of the halftone reproduction. There are many
factors which affect the quality of the print such as the
quality of the original, printing method, press equipment,
ink and paper stock. A coated paper will hold a finer screen
ruling than an uncoated paper. Exceptionally fine detail
prints today are printed using screens finer than 150 lines
using coated stock to hold the detail.
What the human eye can see is a combination of
inked dots and the white paper that surrounds them. The
brain interprets the combinations of dot and white space
and translates various size dots into tones of light and
dark depending on the percentage of ink space to white space.
RELATED WORK
An experiment about the effects of screen ruling
on the appearance of prints had been done before by H.E.J.
Q
Neugebauer and J.T. Brickmore , but that investigation was
to determine a limit of screen number that could produce a
good quality halftone on the appearance of multicolor prints.
The prints used in the study were produced using a number of
screen rulings. They consider the recognition of details of
12
the image to be the most important criterion. The other
criteria were the visibility of dot structure and the
disturbance produced by the dot structure. They found that
screen rulings of at least 150 lines per inch were required
to produce good images at normal viewing distances. They
also found that finer screens produced little improvement
except on certain scenes.
The results of these experiments indicated that a
150 line screen was good for reproducing scenes which did
not have a lot of fine detail and had good contrast. A 200
line per inch screen was required to reproduce scenes of
very fine detail and lower contrast.
Warren L. Rhodes studied the sharpness (or defini
tion) of the print quality by evaluating sharpness visually
g
and designed an objective test. He concluded that there
were two kinds of effects that influenced the sharpness of
the print. These were fill-in and slur. He discovered that
fine screen tints were more easily filled-in than coarse
tints and that they also changed in density at a greater
rate than the coarse screen. Therefore, the density ratio
between 65 line screen and 300 line screen tints might
affect variation in definition or sharpness.
A method of evaluation of the print quality also
10
had been done by Cheng L. Lai and John A. Tanner but by
using image analyzer. A subjective method was used along
with the objective method to determine the ranking of the
13
sequence .
In an abridged version of a paper presented by
L.E. Lawson, FIOP,
11
it is indicated that finely screened
images possessing between 110 and 150 lines per inch mini
mized the visibility of the dot structure. Numerous specialist
worked with 175 and 200 lines per inch halftones and a few
used 300 lines per inch screens.
The experimental work carried out by D. Pugliesi
and G. Calabro indicated that relative contrast, sharpness,
and eveness of contrast tone value were three fundamental
elements that contributed to the visual subjective quality
of an image and to the instrumental objective evaluation of
print quality.
G. Calabro, I. Fabbri, A. Laurenzi determined in
yet another experiment that screen ruling was one of the
13
important parameters in the reproduction of tonal values.
This experiment is very similar to that done by Neugebauer
and Bickmore in that originals of different image quality
were used in the experiment. However, they did not
subjectively measure the relationship between output image
quality and the quality of their originals. The results and
the criteria from their experiment and also from other research
will be used as a starting point for this research.
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CHAPTER IV
METHODOLOGY
The original used in this experiment are black
and white continuous tone positive transparencies. These
prints have been produced so as to have equal steps of image
quality ranging from the sharpest to slightly below an
acceptable level of image quality. The sharpest one is
defined on the quality score as 100 while the ones with
lower qualities are defined as 90, 80, 70, 60, and 50
respectively .
Six continuous tone negative transparencies are
contacted from those positive originals and are used as the
originals for the photographic prints. Therefore, the quality
of the photographic prints is produced in equal quality
steps from excellent to just acceptable, which are defined
as 100, 90, 80, 70, 60, and 50 respectively. These standard
prints are used to calibrate the screened prints.
The screened or halftone prints are reproduced by
exposing each continuous tone positive transparency through
five contact screens with rulings of 85, 100, 133, 150, and
200 lines per inch. The halftone negatives are used for
platemaking and printing by lithographic method. The halftone
prints are reproduced by maintaining their tone reproductions
17
as close to one another as possible, regardless of other
factors. In order to fulfill this, the same type of paper
stock and printing ink is used for the reproduction. The
control tested targets are included in the layout and
stripping to control the quality of platemaking and that of
the reproductions.
The measurement of image quality as a function of
screen ruling number is done by using the method of compari
son scaling. In this method several judges rate the relative
quality of an image on a scale of 1 to 7 where 1 represents
very poor and 7 represents excellent image quality. This
method relies on the fact that each judge will rate each of
the pictures differently and in general the dispersion of
ratings about the mean will be distributed approximately
according to a gaussian probability distribution. This can
be used not only to scale each print but also to compute the
single reader error about each print.
Because of the human visual perception, the judges'
arbitary ratings are converted to subjective categories.
The linear regression program is developed by using
subjective categories as the functions of the subjective
quality factor (SQF). By using image quality scaling method,
the relation between the objective quality factor and the
subjective quality factor is assumed to be linear and the
relation between image, quality and screen ruling number is
determined.
18
TONE REPRODUCTION CONTROL
Tone reproduction is a very important aspect of
image quality. The tone reproduction in this study is
controlled by measuring the densities of all prints and
maintaining the characteristic curve of each print as close
to one another as possible within the error allowance of
+ 0.05. All characteristic curves are plotted as the density
of continuous tone negatives (DQ) versus the density of
each print (DR) .
VIEWING CONDITION - CRITERION OF JUDGMENT
A viewing booth with a standard light source of
5000 *K is used for the subjective evaluation. All prints
are randomly shown one at a time to forty judges. The judges
are both naive and skillful in the printing field. They are
asked to ignore the scratches, the dirty spots, and the
buckling of some pictures. They are not allowed to touch,
recall any of the pictures or change the rating score. The
distance from the eye to the picture is approximately
fifteen inches. The criterion of judgment based only on the
judges' satisfaction.
19
ARBITARY RATING
The judges are asked to rate the quality of prints
according to this arbitary rating:
7 = Excellent
6 = Very good
5 = Good
4 = Acceptable
3 = Unsatisfactory
2 = Poor
1 = Unusable
The arbitary ratings will be averaged and converted
to subjective categories, which are used as functions in a
linear programming equation in order to find the subjective
quality factor (SQF) of all prints.
Arbitary
Ratings
r~i rSubjective
Categories 0 .746 1.57 2.5 3.44 4.37 5.39
I i
SQF 41.3 > 123.4
Figure 3 The comparison of arbitary ratings, subjective
categories, and subjective quality factor (SQF)
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JUST NOTICEABLE DIFFERENCES (JND)
Image quality is the result of subjective
attributes or impressions, such as darkness and sharpness,
each of which depends on one or more objective, or physical
attributes of the image, such as optical density and blur.
In order to find the relationship between the subjective
and objective domains, one approach is to find what changes
are required in the physical attributes of the image before
an observer notices any change in the image.
The just noticeable differences (JND) data indicate
the minimum changes in the physical attributes that are
recognized clearly by an observer, and thus can used to
establish minimum limits required for image improvement or
1
degradation.
MODULATION TRANSFER FUNCTION (MTF)
The MTF has been used as a criterion and provides
a comprehensive and accurate approach for predicting and
evaluating image quality in optical or photo-optical system.
MTF is graphically shown as a plot of spatial frequency
versus the ratio of image to object modulation, or output
to input modulation, which is normalized to unity at zero
2
spatial frequency. Because of light scatter and other
21
factors in the optical system, the modulation decreases as
the frequency increases.3
The mathematical formula of MTF used in this study
is:
where MTF,f . is the MTF of any given frequency and b is the
image quality scaling factor of the system MTF. The MTF curve
of each print is plotted as a function of frequency and is
assumed to be approximately gaussian.
In order to find the 'b' of the MTF of any given
frequency (f ) , the Trapezoidal Rule Integration is used as :
SQFtb); .-*<!> '+ J."'<f b)2+ J.-'(W2+ |e-T<b,/2>2+ J.-f(b2) ,100
where sQF/y.\ is the subjective quality factor (SQF) of any
given b. The SQF curve is plotted as a function of b. This
curve will tell us exactly what the b value to use in order
to get the SQF of 100, 90, 80, 70, 60, and 50.
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MATERIALS AND EQUIPMENT BEING USED
A) For the photographic prints
1. Black and white continuous tone positive and negative
transparencies with different but defined image quality
from the sharpest and ranging to some lower image quality.
These originals have been produced in equal quality steps
from excellent to just acceptable.
2. Kodak Polyfiber N surface papers, single weight, support
mince and white semi -matt.
3. A vacuum frame
4. A light source
5. A set of polycontrast filters
6. A D-72 developer
7. A thermometer
8. A timimg clock
9. A stop bath
10. A fixer bath
11. A hypoclear bath
12. Running water
13. A transmission densitometer
14. A reflection densitometer
15. Graph papers
16. Color pens and a French curve
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B) For the halftone prints
1. Mylars, golden rods, and red tapes for the stripping
2. RIT symmetrical scales used as the control tested targets
3. Kodak gray scale T-14 used as the control target for plate
making
4. A plate exposure unit
5. The ENCO-N50 negative presensitized plates
6. The ENCO subtractive developer
7. The ENCO subtractive finisher
8. Plate gumming
9. Sponge or developing pads for plate developing and gumming
10. Running water
11. A micrometer to measure plate and backing sheet thickness
12. Backing sheets for plates
13. The Heidelberg Kord size 18 x 25j inches used as the
sheetfed offset press
14. The SV printing ink used as the black ink
15. The Lithkemko and Seamist solution with the concentration
of Lithkemko : Seamist =1:1 then add water to make 2
ounces for the fountain solution that gives pH 4.5
16. A gloss, coated paper stock with the basis weight of 70
17. Graph papers
18. Color pens and French curve
24
C) For the subjective evaluation
1. A viewing booth with the standard viewing light source
5000
K
2. Forty judges
25
EXPERIMENTAL PROCEDURE
A) For the photographic prints
1. Contact each halftone negative transparency to the Kodak
Polyfiber N surface paper using a vacuum frame and a
polycontrast filter number 3. The exposure time is about
4.5 secondsj
2. Develop each paper in a D-72 developer bath with the
concentration 1:2 at 70 F for 2 minutes;
3. Stop the development in a stop bath for 30 seconds:
4. Fix the development in a fixer (hypo) bath for 5-8
minutes and wash the hypo in a hypo clear bath for 3
minutes ;
5. Rinse papers in running water for 20 minutes:
6. Dry papers in a room temperature:
7. Measure the density of the negative transparencies with
a transmission densitometer:
8. Measure the density of the photographic prints with a
reflection densitometer:
9. Plot the tone reproduction curves of photographic prints
using the density of the negative transparencies (DQ)
versus the density of the photographic prints^).
B) For the halftone prints
1. Prepare the layout and strip halftone negatives on mylars,
include RIT symmetrical scale and Kodak gray scale T-14
as well;
26
2. Expose the flats through ENCO-N50 negative presensitized
plates. The exposure is 16 units;
3. Develop each plate with ENCO-N50 subtractive developer;
4. Wash plates with running water then wipe water off with
a rubber wiper;
5. Develop plates for the second time;
6. Finish the development with ENCO-N50 subtractive finisher;
7. Wash plates with running water then wipe the water off
with a rubber wiper;
8. Gum the plates and buff until they are totally dry;
9. Prepare the makeready before printing by measuring plate
and backing sheets thickness with a micrometer. The
plate thickness is .012 inches and the packing sheets
thickness is .009 inches;
10. Mount plate on the sheetfed press;
11. Print on coated papers and try to obtain the best quality
by measuring the density of the gray scale. The maximum
density is 1.40 + .05;
12. Plot tone reproduction curves of the printed sheets
using the density of the continuous tone negative
transparencies (DQ) versus the density of the printed
sheets (DR).
C) For the subjective evaluation
1. Trim all prints to be the same size;
2. Identify the back of each print the types of image quality
and screen frequencies being used;
27
3. Random all prints;
4. Tell the judges about the criterion of judgment, the
viewing condition and the arbitary ratings as well;
5. Ask each judge to rate the quality of all prints;
6. Average all ratings and convert to subjective categories;
7. Convert subjective categories to subjective quality factor
(SQF) using a linear computer programming:
SQF = 41.3 + 15. 2 category
8. Plot image quality curves in an image quality scale as
Objective image quality, or Input image quality versus
Subjective image quality, or Output image quality;
9. Determine the relationship between the image quality and
the screen rulings and the relation between the input
image quality and output image quality for all screen
rulings according to the hypotheses.
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CHAPTER V
RESULTS
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Arbitary Subjective SQF
Ratings Categories
1 0.000 41.3
2 0.746 52.64
3 1.570 67.67
4 2.505 79.38
5 3.439 93.57
6 4.369 107.71
7 5.394 123.29
Table 1 The conversion from arbitary
ratings to subjective categories
and SQF respectively
SQF = 41.3 + 15.2category
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Average Difference
Print Input Arbitary Subjective Output of Input-
quality Ratings Categories quality Output
Photo 100 5.50 4.00 102.1 + 2.10
prints 90 4.43 2.85 84.62 - 5.38
80 4.05 2.54 79.90 - 0.10
70 3.58 2.18 74.43 + 4.43
60 2.45 1.02 56.73 - 3.27
50 2.30 0.75 52.64 + 2.64
Average 75 3.72 2.22 79.56 + 0.42
Table 2 The comparison of the input and
output quality of photoprints
Frint Input
quality
Average
Arbitary
Ratings
Subjective
Categories
Output
quality
Difference
of Input-
Output
200 1
prints
100
90
80
70
60
50
5.70
4.83
4.13
3.18
2.78
1.83
4.12
3.31
2.64
1.89
1.44
.43
103.92
91.64
81.36
70.04
63.11
47.84
+ 3.92
+ 1.64
+ 1.36
+ 0.04
+ 3.11
- 2.16
Average 75 3.74 2.30 76.32 + 7.91
Table 3 The comparison of the input and
output quality of 200 lines prints
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Average Difference
Print Input Arbitary Subjective Output of Input-
quality Ratings Categories quality Output
150 1 100 5.38 3.96 101.49 + 1.49
prints 90 4.95 3.36 92.37 + 2.37
60 4.05 2.44 78.39 - 1.61
70 3.55 2.29 76.12 + 6.12
60 2.35 1.16 58.78 - 1.22
Average 75 4.06 2.64 81.43 + 7.15
Table 4 The comparison of the input and
output quality of 150 lines prints
Average Difference
Print Input Arbitary Subjective Output of Input-
quality Ratings Categories quality Output
133 1 100 6.00 4.40 108.1 + 8.1
prints 90 5.08 3.55 95.26 + 5.26
80 4.13 2.64 81.42 + 1.42
70 3.75 2.33 76.71 + 6.71
60 2.60 1.15 58.78 - 1.22
50 1.68 0 41.30 - 8.7
Average 75 3.87 2.35 76.93 + 11.57
Table 5 The comparison of the input and
output quality of 133 lines prints
35
Average Difference
Print Input Arbitary Subjective Output of Input-
quality Ratings Categories quality Output
100 1 100 5.40 3.83 99.51 - 0.49
prints 90 4.88 3.26 90.85 + 0.85
80 3.93 2.47 78.84 - 1.16
70 3.20 1.78 68.35 - 1.65
60 2.40 1.16 58.78 - 1.22
50 1.85 0.44 47.92 - 2.08
Average 75 3.61 2.16 74.04 - 5.75
Table 6 The comparison of the input and
output quality of 100 lines prints
Average Difference
Print Input Arbitary Subjective Output of Input-
quality Ratings Categories quality Output
85 1 100 5.00 3.53 94.95 - 5.05
prints 90 4.15 2.63 81.27 - 8.73
80 3.35 1.92 70.42 - 9.58
70 2.93 1.40 62.58 - 7.42
60 2.13 0.71 52.09 - 7.91
50 1.85 0 41.30 - 8.70
Average 75 3.24 1.70 67.10 - 7*90
Table 7 The comparison of the input and
output quality of 85 lines prints
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Density Contrast
Prints Quality Dmax Dmin Average Index
Photo 100 1.21 .08 .71 1.9
prints 90 1.14 .07 .71 2.0
80 1.20 .08 .70 2.0
70 1.21 .04 .65 2.0
60 1.18 06 .70 2.0
50 1.23 .08 .74 2.0
Average 1.20 .07 .70 2.0
Table 8 The average density and average
contrast of photoprints
Prints Quality Dmax Dmin
Density
Average
Contrast
Index
200 1
prints
100
90
80
70
60
50
1.29
1.05
1.38
1.31
1.19
1.23
.05
.03
.02
.05
.06
.02
.68
.59
.67
.73
.66
.57
1.9
2.0
2.4
1.8
1.9
2.0
Average 1.24 .04 .65 2.0
Table .9 . The average density and average
contrast of 200 lines prints
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Prints Quality Dmax Dmin
Density
Average
Contrast
Index
150 1
prints
100
90
80
70
60
1.37
1.35
1.33
1.27
1.38
.05
.03
.07
.07
.05
.71
.68
.70
.69
.66
1.8
2.0
2.1
1.7
1.8
Average 1.34 .05 .69 1.9
Table 10 The average density and average
contrast of 150 lines prints
Prints Quality Dmax Dmin
Density
Average
Contrast
Index
133 1
prints
100
90
80
70
60
50
1.41
1.30
1.38
1.32
1.30
1.34
.07
.06
.03
.06
.05
.03
.70
.63
.62
.70
.65
.60
1.8
2.0
2.3
1.9
1.9
2.0
Average 1.34 .05 .65 2.0
Table 11 The average density and average
contrast of 133 lines prints
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Density Contrast
Prints Quality Dmax Dmin Average Index
100 1 100 1.48 .04 .66 1.8
prints 90 1.35 .04 .63 2.0
80 1.39 .05 .67 2.4
70 1.35 .05 .64 . 1.9
60 1.32 .04 .67 2.0
50 1.52 .03. .67 2.0
Average 1.40 .04 .66 2.0
Table 12 The average density and average
contrast of 100 lines prints
Prints Quality Dmax Dmin
Density
Average
Contrast
Index
85 1
prints
100
90
80
70
60
50
1.41
1.24
1.32
1.45
1.47
1.32
.02
.04
.03
.03
.04
.02
.65
.57
.60
.68
.67
.56
1.9
2.0
2.3
2.0
2.0
2.0
Average 1.37 .03 .62 | 2.0
Table 13 The average density and average
contrast of 85 lines prints
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Prints r
Photoprints 1.000
200 lines prints .977
150 lines prints .977
133 lines prints .973
100 lines prints .979
85 lines prints .988
Average .982
Table 14 Average r values of
all prints
40
^VMTF SQF=100 SQF=90 SQF=80 SQF=70 SQF=60 SQF=50
f .^v. 0^= 0 b2.15 b3=.23 b4=.30 b5=.38 b6=.45
.125 1.0 .999 .997 .996 .99 .99
.25 1,0 .996 .99 .98 .97 .96
.50 1.0 .98 .96 .93 .90 .85
.707 1.0 .97 .92 .87 .80 .73
1.000 1.0 .93 .85 .75 .64 .53
1.404 1.0 .87 .72 .57 .42 .29
2.000 1.0 .75 .51 .32 .17 .08
4.000 1.0 .32 .07 .01 .0009 .0004
Table 15 Data of MTF
from: (f)
calculated
MTF = e
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RESULTS DISCUSSION
According to the MTF curves in this study, we will
see that the dispersion of ratings about the mean is dis
tributed approximately a gaussian probability distribution.
All judges are assumed to have the same JND which equals
15.2 in this experiment. The result of this experiment is
concluded in Figure 5. One can see that the image quality
scaling is showing an approximately linear relation between
the Objective (Input) image quality and Subjective (Output)
image quality. The output quality is generally increasing
as the input quality increases.
It is observed that even though the points do not
fall on a straight line, the overall pattern of the relation
is reasonably well described by the straight line. There is
no noticeably departure from linearity in the scatter of
points, so we feel justified in deciding that a straight
line is suitable description of the underlying relation.
Thus linear equation is used to provide close approximation
to the relation. The equation of this line provides the best
possible fit to the data points. The criterion of this line
is based on the "method of least squares". The least squares
criterion requires that "the line which is fit to a set of
data points must be such that the sum of the squares of the
vertical deviations (distances) from the points to the line
is as small as possible". A basic linear equation y = a + bx,
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of which 'a' is the y-intercept (the value of y when x = 0)
and 'b' is the slope of the line, is used to develop a
linear regression program. The formula which are used to
calculate the value of a and b of the least squares line
are: n , -, , -,
X <xi - x) ( Yi - y)
b = 1=1
11
iSi (xi - x)
a = y - bx
Because of the human's visual perception, the
judges'
arbitary rating scales from 1 to 7 are converted to
subjective categories from 0.000 to 5.394 or roughly 5.4
steps instead of 7 steps. The linear regression program is
developed by using the real subjective categories as the
function as:
SQF = 41.3 + 15. 2 x category
where 41.3 is the lowest SQF and 15.2 is the JND. By using
this formula, we will get the SQF values from 41.3 to 123.3.
Thus the difference of the highest and lowest SQF is 123.3-
41.3 which equals 82.0 (Table 1). From Table 2-7 we will
see that the output qualities are slightly deviated from the
input qualities.
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In Figure 5, we can see that on the average the
image quality is descending in a linear pattern and each
point drops by approximately the same distance along the
line. However, we can not see big difference in terms of
overall image quality among the 200 line screen, 150 line
screen, and 133 line screen qualities. These are grouped
together while the quality of 100 line screen is slightly
below these average qualities and the 85 line screen quality
drops noticeably.
It was found that even there were some small
differences among the qualities from 200 line screen to 100
line screen; the judges thought that basically most of the
qualities were the same at normal viewing distances and
within the single reader error or one JND. However, there
are some pictures which the judges prefer over the others.
Tables 3 and 4 show that the 150 line screen prints have
higher SQF than those of 200 line screen prints on the
average. This is assumed to be because of the differences of
the density maximum (Dmax) and/or the contrast of the pictures,
We can see from Tables 9 and 10 that the 150 line screen
prints have the average Dmax of 1.34 while those of 200 line
screen prints have 1.24 on the average when the contrast
index of both types of prints is about the same.
From this point we may be able to hypothesize that
one of the variables that controls the quality is the density
maximum. This predicts that the picture with slightly higher
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Dmax looks slightly better within the single reader error.
This is assumed to be because the black ink carries more
detail in the picture.
Besides the image quality of the original and the
inking density, another factor that affects image quality is
the screen ruling. From Figure 5, one can see that the
qualities of 200 line screen, 150 line screen, and 133 line
screen prints are grouped together while that of 100 line
screen print is slightly below those qualities by the average
and the 85 line screen print drops noticeably. On the average,
every data point of 200 line, 150 line, and 133 line
qualities is above that of the 100 line and 85 line screens.
It can be seen that the finer screen lines will give better
image quality.
From Tables 3 through 7, we will see that the
amount of image quality loss depends on the fineness of the
screen rulings. The ones that are screened at 200 line screen
will have better quality than the quality of the original
about 7.91 on the average. The ones that are screened through
150 line and 133 line screens will have quality improved
about 7.15 and 11.57 respectively on the average, which are
not much significant difference. In contrast, the images
which are screened through 100 line and 85 line screens will
have qualities drop of about 5.75 and 7.90 respectively on
the average.
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We can see that for the 100 line quality and above,
the screen frequency does not have so much effect on the
image quality. In contrast, the screen frequency below 100
lines has a great influence on image quality. Furthermore,
we can see that even when different line screens are used,
we still find that subjective image quality is a linear
function of the objective image quality of the originals.
With the possibility of the single reader error
in this study, the agreement of judges concerning the image
qualities is determined by the "coefficient of determination",
2
r , which is a statistical calculation that tell us how the
data fit on a straight line.
2
The r ranges between 0 and 1. The closer it is to
1, the greater is said to be the degree of linear association
2
between input quality versus output quality. If r =1, then
all the observations fall on the fitted regression line.
2
If r = 0, then there would be no linear association assumed
2
between the input and output quality. In practice, r is not
likely to be 0 or 1, but rather somewhere in between these
limits. Thus for any r other than 0 or 1, r < |r|, r may
give a closer relationship between input and output quality
2
relation than does the corresponding r . As a result, r is
2 2
used instead of r in much applied work.
From the result of subjective categories in this
experiment, the regression coefficient r is calculated from
3
a directional formula of
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I (x - x) (y - y)
where x. is the individual input category and y. is the
individual output category. The average of all the r values
is .982. This means that about 98.2 % of all the data points
fit the straight line with 1.8 % is the unexplanable error.
In other words, the relationship between the input image
quality and output image quality is relatively 98.2 % linear,
The output quality will increase as the input quality
increases with about 1.8 % error.
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Figure 6 The relation between image quality and screen rulings
Figure 7 Input quality = 100, screened by 200 lines screen
Figure 8 Input quality = 100, screened by 85 lines screen
Figure 9 Input quality = 50, screened by 200 lines screen
l3i2j!MSl
Figure 10 Input quality = 50, screened by 85
lines screen
Figure 11 Input quality = 100, screened by 133 lines screen
Figure 12 Input quality = 90, screened by 133 lines screen
::
Figure 13 Input quality = 80, screened by 133 lines screen
Figure 14 Input quality = 70, screened by 133 lines screen
Figure 15 Input quality = 60, screened by 133 lines screen
Figure 16 Input quality = 50, screened by 133 lines screen
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FOOTNOTES FOR CHAPTER V
1. Neter, J., Wasserman, W., and Kutner, M.H., Applied
Linear Regression Models, Richard D. Irwin, Inc., 1983,
p. 38
2. Freund, J.E., Statistics A First Course, Prentice-Hall,
Inc., 1970, Chapter 10
3. Robbins, H. , and Ryzin, J.V., Introduction to Statistics,
Science Research Associate, Inc., 1975, p. 277, 280
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
Most of us have already known the qualitative
effect of screen rulings on image quality but nobody had
quantified the different qualities produced by different
screen frequencies before. The purpose of this experiment
was to find the quantitative relation between image quality
and screen ruling numbers.
According to the result of this study, the image
quality is very consistent and linear, with about 98.2 % of
average data points fit the linear regression line. The
image quality scale appears linear all the way down in
terms of overall image quality of black and white halftone
prints. From the image quality scaling in this particular
set of experiments, one can see that image quality of
originals is the most important factor toward the quality
of reproductions, while screen frequency is a minor important
factor, and the ink density is more important than screen
frequency. For the fine screens of 200 lines per inch down
to 100 lines per inch, there is very little error significant
difference of quality among different screen lines, with the
exception of the 85 lines per inch quality.
The use of the quantitative measure is that when
we have a quantitative measurement of original images that
60
has already been rated, we may apply the rating to different
images with like quantitative values and can predict what
the image quality is going to be before actually building
1 _the hardware. For color prints or other sets of images,
the result may or may not follow this. Thus this is a good
opportunity for future research to follow the procedure of
this topic but consider the quality of color reproduction
instead. Future work should include documentary of variables
concerning the originals such as quality of originals which
have a significant effect on the image quality. The tone
reproduction and the inking density should still be controlled.
The procedures and all data in this experiment are suggested
as a starting point for future considerations.
61
FOOTNOTES FOR CHAPTER VI
1, Reitz, E.A. and Moore, T.H. (N Am Rockwell Corp),
"Effect of Resolution and Noise on Picture Quality,"
Proc Electron Imaging Syst. Symp, Palo Alto, Calif, 12-15
Apr 70, 24-29, (EN)
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Figure 18 Characteristic curves of 200 lines prints
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Figure 20 Characteristic curves of 133 lines prints
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